ABSTRACT PEPPER, ROLLIN E. (Ethicon, Inc., Somerville, N.J.) AND VELMA L. CHANDLER. Sporicidal activity of alkaline alcoholic saturated dialdehyde solutions. Appl. Microbiol. 11:384-388. 1963 resistant" strain for testing sporicides; Bacillus subtilis E-124, same history as E-123; B. pumilus E-601, a strain previously isolated at Ethicon, Inc., Somerville, N.J.
MIATERIALS AND METHODS
Spores tested. Spores of the following bacterial strains were used in this study: Clostridium tetani E-3, from the Johnson & Johnson culture collection; C. sporogenes E-123, from the U.S. Department of Agriculture as an "acid- resistant" strain for testing sporicides; Bacillus subtilis E-124, same history as E-123; B. pumilus E-601, a strain previously isolated at Ethicon, Inc., Somerville, N.J.
Aerobes were grown and sporulated on Trypticase Soy Agar (BBL) at 37 C for 6 days. Anaerobes were grown and sporulated on fortified Brain Heart Infusion Agar in a helium atmosphere at 37 C for 6 days (Bridges, Pepper, and Chandler, 1952) . Spores and cells were suspended in sterile distilled water, washed twice, and stored at 4 C until used as concentrated aqueous suspensions. Spore counts were made by heat-shocking 3-ml samples at 80 C for 15 Culture media. Culture media for determining the viability of treated spores consisted of Eugonbroth (BBL) for aerobes and Fluid Thioglycollate Medium (BBL) for anaerobes, each containing 0.1 % soluble starch. The medium was dispensed in 40-ml amounts in tubes (25 by 200 mm). Media prepared for determining the viability of spores exposed to the formaldehyde-hexachlorophene solution also contained 1 % polyoxyethylene sorbitan monooleate to eliminate the sporistatic action of hexachlorophene (Lawrence and Erlandson, 1953) .
Testing methods. Three test methods were used to evaluate sporicidal activity. First, the membrane filter method was used for wide-scale screening to quickly identify agents having sporicidal activity. Second, contaminated stainless-steel penicylinders were employed as a simulated "in-use" test for surgical instruments. Third, the direct-plating method was useful for quantitating the logarithmic decline of an exposed spore population.
The membrane filter method, described by Portner, Mayo, and Kaye (1954) was used as modified by Chandler, Pepper, and Gordon (1957) except for the following alterations. Two types of inoculations were made. (i) Some agents were inoculated with individual spore strains to give a final concentration of 1000 spores/ml. (ii) Others were inoculated with a pooled suspension of four strains to produce a final concentration of 1000 spores per ml per strain, or a total of 4000 spores/ml. Filters for testing the formaldehyde-hexachlorophene solution were washed by filtering sterile 70 % isopropanol, followed by a sterilewater rinse. The isopropanol helped eliminate residual hexachlorophene from the filter and spores to reduce bacteriostasis. All membrane-filter tests were performed at approximately 25 C.
In the second method, stainless-steel penicylinders (8 by 10 mm) were immersed in standardized spore suspensions, removed, and dried. Actual spore counts per cylinder were made by shaking a cylinder vigorously in a water bank, then plating sample dilutions after heat-shocking. Four contaminated cylinders were placed in 50-ml amounts of germicide and transferred to culture media after various exposure periods at approximately 23 C. Cylinders exposed to the formaldehyde-hexachlorophene solution were first transferred to a tube of medium and, after brief agitation, aseptically transferred to a second tube, since Karmann (1956) found a double transfer of contaminated suture loops advantageous when working with similar solutions. Both tubes were incubated at 37 C.
"D" values (time for a 1-log decrease in population) were estimated for glyoxal and glutaraldehyde solutions by plating dilutions of these agents containing known number of spores. It was predetermined that the amounts of agent transferred would not affect recovery conditions for injured spores.
All membrane-filter and penicylinder tests which showed no growth after 30 days were inoculated with 1 ml of a 1:100 dilution of the original inoculating suspension (4000 spores) and observed for growth within 3 days. RESULTS AND DISCUSSION Glyoxal. Glyoxal, the simplest dialdehyde (CHO-CHO), was the first chemical tested which exhibited marked sporicidal activity. The membrane-filter data (Table 1) show that a solution containing 1 % glyoxal, 0.5 % NaHCO3, and 70 % isopropanol was sporicidal for all four test strains within 4 hr. No activity was observed when one of the three components was omitted from the formulation ( Table 1) .
Solutions of 1 % glyoxal in 70 % isopropanol, with and without NaHCO3, were inoculated with B. pumilus spores to give a final concentration of 105 spores/ml. Figure 1 shows there was no drop in spore population in the solution without alkali, whereas a D value of approximately 15 min was obtained with the three-component solution.
Glyoxal-NaHCO3 solutions were prepared with methanol, ethanol, and n-propanol to determine whether other simple alcohols could be substituted for isopropanol. Each bicarbonate. The phosphates were not soluble at the level of isopropanol necessary for activity. Some amines such as diethylaminoethanol and dimethylaminoethanol were found to be effective, providing that the exposure time was extended to 18 hr. The concentrations of NaHCO3 and isopropanol necessary for maximal activity were found to be related. Glyoxal (1 %) was diluted with varying concentrations of NaHCO3 and isopropanol, inoculated with B. subtilis spores to give a final concentration of 1000 spores/ml, and tested for sporicidal activity with the membrane-filter method. As shown in Fig. 2 , activity occurred with solutions only where the isopropanol was nearly saturated with NaHCO3. However, when the isopropanol concentration was lowered to 50 %, no activity was detected, regardless of NaHCO3 concentration.
When prepared as an alkaline alcoholic solution, glutaraldehyde was approximately ten times more active than glyoxal. Membrane-filter test results (Table 3) showed that 0.1 % glutaraldehyde exhibited similar sporicidal activities to that of 1.0 % glyoxal (Table 1) . Furthermore, aqueous alkaline glutaraldehyde preparations were active as sporicides, but activity increased as isopropanol was added in increasing proportions (Table 4) .
Microscopic examination of positive tests to determine Table 3 for the method used and explanation of symbols.
which of the four strains survived the longest exposure revealed that B. subtilis spores were the most resistant. After determining that static conditions were not introduced into agar by transfer of small amounts of glutaraldehyde, dilutions of spores exposed to solutions of 1 % glutaraldehyde, with and without 0.3 % NaHCO3 (each with 70 % isopropanol), were plated to determine survivors. The spore population in the nonalkaline glutaraldehyde solution did not change during the test period, and survivors were detected in the alkaline solution initially and at the 30-min interval (Fig. 3) 
